I. INTRODUCTION
Effects of radiation are primarily determined by what happens in individual small volumes representative of DNA segments. Such sites are so small that the interactions due to the radiation are very few and it is necessary to consider the stochastics of the number and nature of primary interactions and of secondary processes in order to understand the subsequent biological effects. Track-nanodosimetry has the objective to investigate the stochastic aspect of energy deposition in particle tracks, by measuring the ionisation distributions induced by a charged particle in nanometric volumes of tissueequivalent matter, positioned at different distances from the track. This paper is concerned with measurements and Monte Carlo calculations of ionisation distributions produced in a site of about 20 nm by a 244 Cm alpha particle.
II. EXPERIMENTAL SET-UP
The detector consists essentially of an electron collector and a single electron counter (SEC). A schematic diagram of the apparatus is represented in fig.1 .
FIG.1: Schematic representation of the experimental set-up for track-nanodosimetry measurements (not to scale).
The electron collector is a system of electrodes that encloses an almost wall-less cylindrical volume whose height equals its diameter. Electrons created inside this volume, the sensitive volume (SV) of the counter, are transferred into the drift column of the SEC and are detected one by one, by using a multi-step avalanche chamber (MSAC). Two collimators positioned in front of a solid-state detector (SSD) define the alpha particle track, with respect to which the detector can be moved using a micrometric screw. More details about the apparatus can be found elsewhere [1, 2] . Measurements have been performed from 0 to 70 nm aside the track. The SSD signal triggers the counter acquisition system. The whole detection system is immersed in the counting gas at a given pressure. Measurements have been performed at 300 and 350 Pa of propane, corresponding to simulated diameters of the SV (at 20°C) of 19 nm and 22.5 nm, respectively. The detector efficiency has been calculated, with a Monte Carlo code, by transporting electrons throughout the counter. Calculations point out an efficiency of about 25 % at 300 Pa and of about 30 % at 350 Pa.
To test the reliability of experimental results, a Monte Carlo code was developed able to simulate both the production of secondary electrons by impact ionisation of alpha particles in propane at low gas pressure and the histories of these electrons down to 10 eV. For the alphaparticles, this code is based on experimental ionisation cross sections of Rudd et al. [3] for protons at the same velocity, scaled by the square of the atomic number of the projectiles, and for electrons on experimental electron interaction cross sections as regards elastic scattering, impact excitation and impact ionisation. The simulation of the energy and angular distributions of electrons liberated by impact ionisation of the alpha particles is performed within the framework of the HKS model [4] . To calculate the probability distribution of cluster size, the number of electrons with energies less or equal 10 eV within the sensitive target volume are counted (for a detailed description of the code, see Ref. [5] ).
III. STATUS OF THE ART
Ionisation frequency distributions measured at different impact parameters d (distance between the track and the centre of the SV) point out a change in shape for d larger than the radius of the site, with a transition from asymmetric bell-shaped curves (with long tails on the highionisation side) to monotonically decreasing ones. This is the consequence of the fact that for d smaller than about 10 nm the fraction of alpha particles that produce measurable ionisation inside the SV is essentially equal to 1, whereas this fraction decreases rapidly beyond this distance. We have calculated the cluster distributions of volumes that have experienced at least one event of ionisation (called critical volumes in microdosimetry). We have found that these conditional cluster distributions, for d larger than 20 nm, have a similar shape, regardless of distance from the site. We have calculated the first moment m 1 (mean ionisation value), the ratio of the second moment to the first moment m 2 /m 1 (formally equal to dose-mean lineal energy) of cluster distributions, and the first moment of conditional cluster distributions m 1 * (conditional mean value). The quantity m 2 /m 1 is the same for conditional and normal distributions. Measurements at 300 Pa are compared with calculated values obtained at the same pressure in a 22-nm diameter sphere and assuming a detection efficiency of 25 %.
Experimental and calculated m 1 values have been plotted in fig.2 as a function of d. The agreement between experimental and calculated data at 300 Pa is good apart for measurements performed for d less than 10 nm. This is probably due to the fact that the capability of the detector to resolve single electrons decreases with increasing size of the electron cluster. In fig.3 we have plotted experimental values of m 2 /m 1 and m 1 * as a function of d. Just beyond the edge of the site both quantities go through a minimum. Beyond the minimum they become approximately independent from d. Monte Carlo calculations confirm the presence of this plateau region and of the minimum, but not in such a distinct form as the measurements. The reason for this might be the spatial resolution of the calculations. The minimum can be due to the fact that, at this distance from the track, several low-energy secondaries are detected which produce only a few ionisations into the site. Farther from the track, only a few more energetic secondaries can interact, producing a larger quantity of ionisations. In this region, the mean ionisation and its fluctuation in a critical volume appear to be independent from the energy of the delta-ray interacting with the site. Experimental data and Monte Carlo calculations suggest that ionisation fluctuations in nanometric volumes inside the delta ray cloud of an alpha particle are independent on the distance from the track. We are modifying the experimental set-up to fit the accelerator beam line to be able in the future to perform tracknanodosimetric measurements with particles of different charges and velocities.
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